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S U M M A R Y
Mass gatherings are characterized by the concentration of people temporally and spatially, and may lead
to the emergence of infectious diseases due to enhanced transmission between attendees. This is well-
demonstrated in the context of the Hajj and Umrah pilgrimages in Saudi Arabia. The goal of this review
was to present the available evidence on outbreaks associated with a variety of pathogens, or also the
lack thereof, as assessed by thorough surveillance at any mass gatherings with the exception of those in
Saudi Arabia. A systematic search for relevant articles in the literature was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Sixty-eight studies
were identiﬁed. Although outbreaks have not been reported frequently in or after mass gatherings
outside the Hajj and Umrah pilgrimages, they have sometimes occurred at Muslim, Christian, and Hindu
religious events, at sports events, and at large-scale open air festivals. In this review it was found that the
most common outbreaks at these mass gatherings involved vaccine preventable diseases, mainly
measles and inﬂuenza, but also mumps and hepatitis A. Meningococcal disease has rarely been recorded.
Additionally it was found that the transmission of various communicable diseases that may not be
prevented by vaccination has been recorded in association with mass gatherings. These were mainly
gastrointestinal infections, caused by a variety of pathogens. It was also noted that some outbreaks
occurring at mass gatherings have resulted in the international spread of communicable diseases.
 2016 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate / i j id1. Introduction
Mass gatherings are characterized by the concentration of
people at a speciﬁc location for a speciﬁc purpose over a set period
of time and which have the potential to strain the planning and
response resources of the country or community.1 These gather-
ings might be planned or unplanned and recurrent or sporadic. The
number of attendees may vary from hundreds to millions. Large
religious events like the Hajj Muslim pilgrimage gather two to
three million people in Saudi Arabia annually, while the Kumbh
Mela in India is attended by up to 40 million worshippers. Around
8.8 million tickets were sold for the London Olympic Games in
2012 and over three million people attended the 2014 FIFA World
Cup in Brazil. Attendance at the top 20 European music festivals
and street parades ranges from 17 000 to one million in a single* Corresponding author. Present address: CHU Nord, Chemin des Bourrely,
13915 Marseille, France. Tel.: +33 (0)491 96 35 35/36; fax: +33 (0)491 96 89 38.
E-mail address: philippe.gautret@club-internet.fr (P. Gautret).
http://dx.doi.org/10.1016/j.ijid.2016.03.007
1201-9712/ 2016 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).day. Most mass gatherings are characterized not only by a large
attendance, but also by crowding. There may be poor sanitary
conditions at some mass gatherings, and at some events there may
be promiscuity.
Large-scale sports events are usually well-organized by highly
specialized teams of staff and are often organized in the setting of
large cities. The legacy of events such as the Olympics includes
improvements in infrastructure, economic beneﬁts for various
sectors, and improved surveillance. A characteristic of large-scale
open air festivals, including music festivals, may be that they are
not always organized and managed by professionals and may
involve inexperienced volunteers as staff members. Music festivals
in particular have speciﬁc characteristics, including an outdoor
setting, on-site housing and food supplies, participants of a young
age, recreational motivations, and the potential for excessive
alcohol and/or drug consumption.
At such mass gatherings, the concentration of people tempo-
rally and spatially may lead to the emergence of infectious diseases
due to enhanced transmission between attendees. The annual Hajj
and Umrah pilgrimages in Saudi Arabia are the mass gatherings atciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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Meningitis outbreaks, respiratory tract infections, and the
transmission of infectious diarrhoea have been described
extensively.2–4 However, many other mass gatherings take place
in various parts of the world, some also religious, others athletic,
socio-cultural, or commercial, and some are very spontaneous,
such as funerals or political rallies. The goal of this review was to
present the available evidence on outbreaks associated with a
variety of pathogens, or also the lack thereof, as assessed by
thorough surveillance at any mass gatherings with the exception
of those in Saudi Arabia.
2. Methods
2.1. Search strategy and selection criteria
This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (http://www.prisma-statement.
org). The following databases were searched, attempting to
identify all relevant studies published from January 1980 to
January 2016: Scopus (http://www.scopus.com/), PubMed (http://
www.ncbi.nlm.nih.gov/pubmed), and Google Scholar (http://
scholar.google.fr/). The most recent search was conducted on
January 18, 2016. The topic search terms used for searching the
databases were the following:
#1: ‘‘mass gathering’’ OR ‘‘mass gatherings’’ OR ‘‘pilgrimage’’ OR
‘‘festival’’; OR ‘‘sport’’ OR ‘‘Olympics’’ OR ‘‘FIFA’’ OR ‘‘EURO’’
#2: ‘‘outbreak’’ OR ‘‘infection’’ OR ‘‘infectious diseases’’
#3: #1 AND #2
Only articles published in English were included, based on the
common language of the authors. For inclusion, an article had to
fulﬁl the following criteria: (1) be related to a mass gathering, (2)
report outbreaks, and (3) report the pathogen responsible for theRec ords identi fied  thro ugh data base 
searching after duplicates removed 
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Figure 1. Flow diagram ooutbreak when possible. Case reports were excluded. The reference
lists of reviews were screened to identify studies possibly missed
in the search.
Both researchers independently performed the screening of the
abstracts. Any discordant result was discussed in a consensus
meeting. After screening the abstracts, the full texts of the articles
were assessed for eligibility by the same two researchers and
selected or rejected for inclusion in the systematic review.
2.2. Data collection process
The following data (if available) were extracted from each
article: year, place of event, number of attendees, syndromic
classiﬁcation of outbreaks, pathogen responsible, and number of
cases. A distinction was made between outbreaks occurring at
religious meetings, sports events, and large-scale open air festivals
because of the distinct characteristics of these mass gatherings.
2.3. Data synthesis and analysis
As a result of the nature of the studies and the heterogeneity in
patient populations, a formal meta-analysis was not possible.
Therefore, the study results were summarized to describe the main
outcomes of interest (i.e., the occurrence of outbreaks at mass
gatherings other than Hajj and Umrah). If possible, percentages not
presented in the articles were calculated from the available data.
3. Results and discussion
3.1. Study selection
A total of 257 articles were identiﬁed in the database search and
seven additional articles were found through the manual search.
After screening the titles and abstracts, 68 articles were eventually
retained for full-text assessment. All 68 articles were included in
the qualitative synthesis of the systematic review (Figure 1).dditional records  identified through 
other sources 
(n = 7) 
ed 
s 
ility  
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esis 
Full-text articles 
excluded
(n = 0) 
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f the search strategy.
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A total of 24 studies reported outbreaks at religious meetings
(Muslim events outside the Hajj and Umrah and Christian and
Hindu events), 17 reported outbreaks or an absence of outbreaks at
sports events (Summer and Winter Olympics, FIFA and EURO
football cups, and a few smaller events), and the remaining
27 studies reported on large-scale open air festivals.
3.3. Religious meetings
An increased prevalence of infectious diseases has been
described at Muslim pilgrimages other than Hajj and Umrah, such
as the annual celebration of the day of Ashura in Karbala, Iraq,
which is attended by three to four million Muslims from within
and outside Iraq. In 2010, a febrile illness seen in the emergency
ward of Karbala hospital was recorded seven times more often
during the event as compared to before the event, in relation to an
eight-fold increase in the population in the area during the event.5
Also in 2010, at the annual celebration of the Urs of Baba Farid in
Pakpattan, Pakistan, attended by an estimated 500 000 people, the
prevalence of acute respiratory illness showed a 25-fold increase
and the prevalence of diarrhoea increased by a factor of 14, while
the population increased by a factor of 3.6 During Moulay Abdellah
Amghar Moussem in 2009 and 2010, an 8-day annual gathering
attracting over 360 000 people in Morocco, gastrointestinal
disorders recorded at the health care centre increased signiﬁcantly
from 11% to 14% of all hospital visits during the event.7 Finally,
during the 2010 Eid al-Adha in Jordan, gathering up to
70 000 people, there was a 33% increase in overall hospital
admissions during the event, while the population increased by a
factor of 2 during that period.8 The information provided in these
reports was based on syndromic surveillance data; no reliable
information was provided on which assessments of outbreaks
occurring at these events could be made, in contrast to the Hajj in
Saudi Arabia.
Evidence of outbreaks is not limited to Muslim gatherings; they
also occur at Christian mass gatherings (Table 1). Respiratory tractTable 1
Outbreaks at Christian mass gathering events
Event, place, year Cumulated
number
of attendees
Syndromic
classiﬁcation
(pathogen involved)
Case numbe
Lourdes pilgrimage,
France, 2002
>5 million Gastrointestinal
(norovirus)
>450 includ
>380 secon
cases
Church gathering,
USA, 2005
500 Respiratory (measles
virus)
34 
Easter youth festival,
Austria, 2006
ND Respiratory (mumps
virus)
214 
World Youth Day,
Australia, 2008
500 000 Respiratory (inﬂuenza
virus A and B)
100 
Lourdes pilgrimage,
France, 2008
8 million Gastrointestinal (norovirus) >190 includ
>100 secon
cases
Itzapalapa Passion Play,
Mexico, 2009
>2 million Respiratory (inﬂuenza
A(H1N1)pdm09 virus)
38 
Taize´ meeting,
France, 2010
3500 Respiratory (measles
virus)
27 (13 prim
17 secondar
7 tertiary ca
Church festival,
USA, 2010
9000 Gastrointestinal
(Salmonella enterica
serotype
Typhimurium)
64 
ND, not documented.infections due to inﬂuenza were recorded during World Youth Day
2008 in Australia,9 subsequently resulting in a number of
publications.10–15 No report of other outbreaks at subsequent
World Youth Days in Madrid (2011) and Rio (2013) could be found.
Another inﬂuenza outbreak was recorded during the Itzapalapa
Passion Play celebration in Mexico in 2009.16,17 A measles outbreak
occurred at a church gathering in the USA in 2005 among
unvaccinated participants,18 and another was recorded during the
2010 Taize´ festival in France, affecting several dozen mainly
unvaccinated subjects, including secondary and tertiary cases
mainly in Germany.19 An outbreak of mumps with 214 identiﬁed
patients occurred after an Easter festival in Austria in 2006.20
Gastrointestinal infection associated with Salmonella enterica was
reported from a Church festival in the USA in 2010, which was
linked to the consumption of pulled pork.21 Furthermore,
norovirus was reported in relation to the Lourdes pilgrimage in
France in 2002 and 2008, with secondary cases in Swiss and Dutch
nursing homes and cases in Ireland.22,23
Interestingly, most of these outbreaks involved not only
international participants, but also numerous secondary cases
through the participants spreading the illness upon return to their
country of origin.
Lastly, the Kumbh Mela in India is the largest congregation of
pilgrims worldwide; 40 million are expected to visit the next Mela
in 2016. The vast majority of these pilgrims come from India, but
there is increasing interest from the global population to bathe in
the Ganges River among the crowds. Despite the size of the event,
only recently has there been an increase in public health interest in
relation to communicable diseases at the Mela.24 Previously there
had been only a few reports, e.g., on the cholera epidemics at the
Mela in 194825 and as early as 1867, resulting in almost one million
lives lost.26 A syndromic survey conducted during the 2013 Mela
evidenced a peak in diarrhoeal diseases and upper respiratory tract
infection symptoms just after the bathing day.27 Of
412 703 patients who attended the outpatient departments of
hospitals, respiratory infections accounted for 70% of illnesses,
while diarrheal diseases accounted for 5%. A hospitalization rate of
1.1% was recorded.28rs Estimated
incidence
per 100 000
attendees
Indication of
patient age
Source of
outbreak for
gastrointestinal
diseases
Ref.
ing
dary
ND Elderly residents and
nursing staff
ND 22
6800 88% of patients
<20 years
– 18
ND Age range of 80% of
patients: 16–30 years
– 20
20 Median age 21 years – 9–15
ing
dary
ND Elderly residents and
nursing staff
ND 23
2 Age range of 32% of patients:
5–19 years; age range
of 28%: 20–29 years
– 16,17
ary,
y,
ses)
371 Median age:
17 years for primary cases,
15 years for secondary cases,
13 years for tertiary cases
– 19
711 Median age: 44 years Pulled pork 21
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Zielin´ski published an excellent review on infectious diseases at
mass gatherings,29 including the Summer and Winter Olympics in
Los Angeles (1984), Seoul (1988), Calgary (1988), Barcelona (1992),
Albertville (1992), Lillehammer (1994), Atlanta (1996), Nagano
(1998), Sydney (2000), Salt Lake City (2002), Athens (2004), Torino
(2006), and Beijing (2008), the FIFA World Cup in France (1998),
Korea and Japan (2002), and Germany (2006), and the EURO
football cup in Belgium and Holland (2000), Portugal (2004), and
Austria and Switzerland (2008). The author concluded that there is
a lack of convincing evidence that large international sports events
substantially increase the risk of outbreaks of infectious diseases. A
single example of such an outbreak at these events was found,
involving 36 individuals participating in the Winter Olympiad in
Salt Lake City (2002) who tested positive for inﬂuenza among
188 individuals presenting with an inﬂuenza-like illness.30
When reviewing the surveillance reports, no evidence was
found of outbreaks of infectious diseases during subsequent
Olympic Games in Vancouver (2010), London (2012), and Sochi
(2014), during the FIFA World Cup in South Africa (2010) and Brazil
(2014), or during the EURO football cup in Poland and Ukraine
(2012).31–38 There was no indication of an increase in attendances
at sexual health clinics in connection with the London Games in
2012.39 Despite concerns about the quality of water in the Rio de
Janeiro area, only a small outbreak of gastrointestinal illness
occurred in a single team during the pre-race sailing competition in
August 2015, but that appeared to be associated with the
consumption of food from a street vendor close to a football
stadium rather than from exposure to polluted water (Dr N.
Nikolic, personal communication).
Special Olympic World Games are reserved for athletes with
disabilities. After the Minneapolis gathering in 1991 a small
outbreak of measles was recorded involving not only athletes, but
also volunteers and a few spectators, most of whom had not been
previously vaccinated.40 Another small measles outbreak occurred
subsequent to an international youth sporting event in Pennsyl-
vania in 2007, and again the majority had previously received no or
only one dose of vaccine.41 Only a single outbreak of meningococ-
cal disease was found, and this involved four spectators at a rugby
match.42 Lastly, there was a recent multinational Salmonella
outbreak at an ice hockey competition in Latvia in 201543 (Table 2).
Infectious disease outbreaks have also been reported in
competitive sports events that do not qualify as mass gatherings
because of the small numbers of participants, or because of the
environmental conditions (i.e., larger numbers of participants
engaged in sports challenges in natural conditions, like triathletesTable 2
Outbreaks at mass gathering sport events
Event, place, year Cumulated
number of
attendees
Syndromic
classiﬁcation
(pathogen involved)
Case
numbe
International Special
Olympics, USA, 1991
200 000 Respiratory (measles virus) 25 
Winter Olympiad,
USA, 2002
ND Respiratory (inﬂuenza) 36 
International youth
sporting event,
USA, 2007
265 000 Respiratory (measles
virus)
7 
International youth
ice hockey competition,
Latvia, 2015
5000 Gastrointestinal (Salmonella
enteritidis serogroup D)
214 
Rugby competition 7602 Neurological (Neisseria
meningitidis serogroup C)
4 
ND, not documented.swimming in contaminated waters, participants in the Eco-
Challenge-Sabah 2000 multisport endurance race held in Malay-
sian Borneo, participants in an adventure race in South Africa, or
trekkers in Sweden where outbreaks of leptospirosis, rickettsial
disease, and hepatitis B resulted from exposure to environmental
factors).44,45
3.5. Large-scale open air festivals
Large-scale open air festivals have speciﬁc characteristics,
including an outdoor setting, on-site housing and food supplies,
and the generally young age of participants.46 Large-scale open air
festivals include music festivals and other art festivals, sometimes
including camping, street parades, village festivals, cultural
festivals, university events, and large weddings. In the past many
of these were not organized and managed by experienced
professionals. Most music festivals take place over a 3- to 4-
day period with an attendance ranging from 17 000 to
175 000 participants per day. The Zurich Street Parade, the largest
worldwide in 2015 and lasting a single day, was attended by
1 million people.
Modern music festivals, street parades, and similar events are
often associated with excessive alcohol and/or drug consumption,
which may increase the risk of sexually transmitted infections
(STIs).47 Contrary to common belief, however, there is little
evidence of an increase in STIs, as exempliﬁed by studies on a
music festival in Australia and the Carnival in the Rio de Janeiro
area.48,49 Outbreaks at large-scale open air festivals have been
described (Table 3) and have included food and waterborne
infections caused by Cryptosporidium parvum, Campylobacter spp,
Escherichia coli, Salmonella enterica, Shigella sonnei, Staphylococcus
aureus, hepatitis A virus, and norovirus. Person-to-person trans-
mission of inﬂuenza, measles, and mumps viruses has also been
recorded.50–66 Faecal–oral and person-to-person transmissions of
pathogens have resulted from non-compliance with basic hygiene
rules, inadequate sanitation, and insufﬁcient vaccination coverage.
Very recently, two EU countries, the UK and Sweden, have
reported eight cases of invasive meningococcal disease due to
serogroup W Neisseria meningitidis in scouts and their contacts
associated with the 23rd World Scout Jamboree held in Yamaguchi
City in Japan.67 Finally, a measles outbreak was recorded following
an international dog show in Slovenia in 2014, with about half of
the patients having been infected there and the other half being
secondary or tertiary cases. This outbreak also resulted in a chain of
transmission in Italy.68,69 Global attention was gained by another
multistate outbreak of measles originating at the Disney theme
parks in California, USA.70,71rs
Estimated incidence
per 100 000
attendees
Indication of
patient age
Source of
outbreak for
gastrointestinal
diseases
Ref.
13 Median age: 21 years – 40
ND Mean age: 32 years – 30
3 Various – 41
4280 Median age: 13 years ND 43
53 50–69 years – 42
Table 3
Outbreaks at large-scale open air festivals
Event, place, year Cumulated
number
of attendees
Syndromic classiﬁcation
(pathogen involved)
Case
numbers
Estimated
incidence
per 100 000
attendees
Indication of patient
age
Source of outbreak
for gastrointestinal
diseases
Ref.
Annual meeting Rainbow
Family, USA, 1987
12 700 Gastrointestinal (Shigella
sonnei)
>7000 55 118 Mean age: 27 years Inadequate sanitation 50
Michigan Women’s music
festival, USA, 1988
6403 Gastrointestinal (Shigella
sonnei)
3357 45 244 Mean age: 31 years Tofu salad 51
Glastonbury music festival,
UK, 1992
70 000 Gastrointestinal
(Campylobacter)
72 103 Age range of the
majority of patients:
20–30 years
Unpasteurized milk 52
Glastonbury music festival,
UK, 1997
80 000 Gastrointestinal
(Escherichia coli O157)
7 9 Mean age: 21 years Mud contaminated
by cattle faeces
53
Lunchtime concert, UK,
1999
1229 Gastrointestinal
(norovirus)
>300 24 410 Primary school
students
Vomit inappropriately
cleaned
54
Ukrainian dance festival,
Canada, 2001
>870 Gastrointestinal
(Cryptosporidium parvum)
59 13 111 Mean age: 23 years Swimming pool 55
San Juan festival, Spain,
2002
ND Gastrointestinal
(Salmonella enterica)
1435 ND Age range of 24% of
patients: 1–24 years;
age range of 35%: 24–
44 years
Pastry 56
Youth camp, Australia,
2003
350 Gastrointestinal (hepatitis
A virus)
21 6000 Median age: 16 years Coleslaw 57
Outdoor concert ‘jam band’,
USA, 2003
82 000 Gastrointestinal (hepatitis
A virus)
25 31–2083 Median age: 23 years Unknown 58
Nagoya University festival,
Japan, 2008
50 000 Gastrointestinal
(Staphylococcus aureus)
75 150 ND Crepes 59
Annual village festival,
Spain, 2006
>4500 Respiratory (mumps virus) 77 422 Age range: 18–37 years – 60
Rock Werchter music
festival, Belgium, 2009
113 000 Respiratory (inﬂuenza
A(H1N1)pdm09 virus)
14 12 Mean age: 23 years – 61
Sziget music festival,
Hungary, 2009
390 000 Respiratory (inﬂuenza
A(H1N1)pdm09 virus)
8 2 Mean age: 21 years – 62
Exit music festival, Serbia,
2009
165 000 Respiratory (inﬂuenza
A(H1N1)pdm09
49 30 Age range of 42% of
patients: 20–29 years
– 63
Wedding, Spain, 2010 ND Respiratory (measles virus) 83 ND 97% patients >16 years – 64
Music festival, Germany,
2011
50 000 Respiratory (measles virus) 10 20 Median age: 19 years – 65
Traditional festival, Japan,
2012
ND Gastrointestinal
(Escherichia coli O169:H41)
102 ND Median age: 35 years Inadequate
sanitation
66
Scout Jamboree, Japan,
2015
33 000 Neurological (Neisseria
meningitidis serogroup W)
8 24 Teenagers – 67
International dog show,
Slovenia, 2014
1100 Respiratory (measles virus) 63, including
30 secondary
and tertiary
cases
5727 5 children under
11 years; 39 adults
aged 27–56 years
(Slovenian cases)
Median age: 31 years
(Italian cases)
– 68,69
Disney theme parks
(Anaheim), California,
USA, 2014–2015
17 million
(annual
attendance),
65 000 per day
Respiratory
(measles virus)
125, including
34 secondary
cases
1 Median age: 22 years – 70,71
ND, not documented.
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This review has several limitations. It was limited to papers
written in English, which may have been a source of bias. There
was an important heterogeneity in studies in relation to study
populations, clinical criteria for syndromic surveillance, and
diagnostic methods applied. It is likely that a number of outbreaks
were reported in local public health bulletins that are not indexed
in Scopus, PubMed, or Google Scholar.
Although outbreaks are not frequently reported in or after mass
gatherings outside the Hajj and Umrah pilgrimages, they do
sometimes occur at Muslim, Christian, and Hindu religious events,
at sports events, and at large-scale open air festivals. A total of
15 outbreaks of gastrointestinal infections associated with faecal–
oral transmission in the context of mass gatherings were retrieved,
which resulted from non-compliance with hygiene rules and
inadequate sanitation. Most of these outbreaks were observed
among adult participants, including elderly participants. In someoutbreaks, the attack rate was close to 50% of attendees.50,51
Overall, the estimated incidence of gastrointestinal diseases per
100 000 attendees ranged from nine to more than 55 000 during
the outbreaks included in this review. A total of 16 outbreaks of
respiratory infection and two outbreaks of meningitis associated
with respiratory transmission in the context of mass gatherings
were retrieved. The majority of these outbreaks affected children
and young adults. Overall, the estimated incidence of conﬁrmed
respiratory infection per 100 000 attendees ranged from one to
6800 during the outbreaks included in this review. It was found
that the most common outbreaks at mass gatherings involved
vaccine preventable diseases, mainly measles and inﬂuenza, but
also mumps and hepatitis A. Meningococcal disease has rarely
been recorded. No account of tetanus or rabies was found;
warnings were issued in respect to these prior to the FIFA World
Cup in Brazil.72 It should be noted that visitors attending mass
sporting events in urban areas faced fewer risks than those visiting
for an extended stay in rural areas, particularly in the Amazon
P. Gautret, R. Steffen / International Journal of Infectious Diseases 47 (2016) 46–52 51basin. There may be an unexpected gap between forecasts and
reality, as seen in relation to the dengue risk at the FIFA World Cup
in Brazil in 2014. Attack rates of up to 300 dengue cases per
100 000 visitors were predicted by some experts when in fact only
three cases of dengue were conﬁrmed during the 2014 FIFA World
Cup, affecting one Japanese citizen and two US citizens. This is
likely because the World Cup took place during the dry season in
Brazil, which is associated with a very low residual risk of
dengue.73 There might be misperceptions when basing the risk
assessment on the recorded incidence of a disease in the local
population or even in international travellers if seasonality
patterns are neglected.
Furthermore, the transmission of various communicable
diseases that may not be prevented by vaccination was also found
to have been recorded in association with mass gatherings. These
were mainly gastrointestinal infections due to a variety of
pathogens.
It was noted that many outbreaks occurring at mass gatherings
resulted in the international spread of communicable diseases.
This was best exempliﬁed by a measles outbreak with the index
cases infected during two concurrent sports events in Rimini, Italy
(the 16th Italia Super Cup, an international youth football
tournament, and the World Association of Kickboxing Organiza-
tions (WAKO) Bestﬁghter World Cup Tournament). This resulted in
a chain of transmission in Germany, including secondary cases
infected during a music festival at Baden-Wuerttemberg and
tertiary cases in the community, and a chain of transmission in
Slovenia with secondary and tertiary cases in healthcare and
community institutions.65
Funding: None.
Conﬂict of interest: None.
References
1. World Health Organization. Public health for mass gatherings: key consider-
ations. Geneva, Switzerland: WHO; 2015.
2. Abubakar I, Gautret P, Brunette GW, Blumberg L, Johnson D, Poumerol G, et al.
Global perspectives for prevention of infectious diseases associated with mass
gatherings. Lancet Infect Dis 2012;12:66–74.
3. Memish ZA, Zumla A, Alhakeem RF, Assiri A, Turkestani A, Al Harby KD, et al.
Hajj: infectious disease surveillance and control. Lancet 2014;383:2073–82.
4. AlNsour M, Fleischauer A. Public health considerations for mass gatherings in
the Middle East and North Africa (MENA) region. East Mediterr Health J
2013;19(Suppl 2):S42–7.
5. Al-Lami F, Al-Fatlawi A, Bloland P, et al. Pattern of morbidity and mortality in
Karbala hospitals during Ashura mass gathering at Karbala, Iraq, 2010. East
Mediterr Health J 2013;19(Suppl 2):S13–20.
6. Hassan S, Imtiaz R, Ikram N, et al. Public health surveillance at a mass gathering:
Urs of Baba Farid, Pakpattan district, Punjab, Pakistan, December 2010. East
Mediterr Health J 2013;19(Suppl 2):S24–30.
7. Youbi M, Dghoughi N, Akrim M, et al. Preparedness and health risks associated
with Moulay Abdellah Amghar Moussem, Morocco, 2009–2010. East Mediterr
Health J 2013;19(Suppl 2):S19–20.
8. Abdullah S, Sharkas G, Sabri N, et al. Mass gathering in Aqaba, Jordan, during Eid
Al Adha, 2010. East Mediterr Health J 2013;19(Suppl 2):S29–30.
9. Blyth CC, Foo H, van Hal SJ, Hurt AC, Barr IG, McPhie K, et al., World Youth Day
2008 Inﬂuenza Study Group. Inﬂuenza outbreaks during World Youth Day
2008 mass gathering. Emerg Infect Dis 2010;16:809–15.
10. Foo H, Blyth CC, van Hal S, McPhie K, Ratnamohan M, Fennell M, et al.
Laboratory test performance in young adults during inﬂuenza outbreaks at
World Youth Day 2008. J Clin Virol 2009;46:384–6.
11. van Hal SJ, Foo H, Blyth CC, McPhie K, Armstrong P, Sintchenko V, et al. Inﬂuenza
outbreak during Sydney World Youth Day 2008: the utility of laboratory testing
and case deﬁnitions on mass gathering outbreak containment. PLoS One
2009;4:e6620.
12. Hutton A, Roderick A, Munt R. Lessons learned at World Youth Day: collecting
data and using postcards at mass gatherings. Med J Aust 2008;189:633–6.
13. Fizzell J, Armstrong PK. Blessings in disguise: public health emergency pre-
paredness for World Youth Day 2008. Prehosp Disaster Med 2010;25:273–7.
14. Tyner SE, Hennessy L, Coombs LJ, Fizzell J. Analysis of presentations to on-site
medical units during World Youth Day 2008. Prehosp Disaster Med
2012;27:595–600.
15. Thackway S, Churches T, Fizzell J, Muscatello D, Armstrong P. Should cities
hosting mass gatherings invest in public health surveillance and planning?
Reﬂections from a decade of mass gatherings in Sydney, Australia. BMC Public
Health 2009;9:324.16. Zepeda HM, Perea-Araujo L, Zarate-Segura PB, Va´zquez-Pe´rez JA, Miliar-Garcı´a
A, Garibay-Orijel C, et al. Identiﬁcation of inﬂuenza A pandemic (H1N1)
2009 variants during the ﬁrst 2009 inﬂuenza outbreak in Mexico City. J Clin
Virol 2010;48:36–9.
17. Zepeda-Lopez HM, Perea-Araujo L, Miliar-Garcı´a A, Dominguez-Lo´pez A, Xoco-
nostle-Ca´zarez B, Lara-Padilla E, et al. Inside the outbreak of the 2009 inﬂuenza
A (H1N1)v virus in Mexico. PLoS One 2010;5:e13256.
18. Parker AA, Staggs W, Dayan GH, Ortega-Sa´nchez IR, Rota PA, Lowe L, et al.
Implications of a 2005 measles outbreak in Indiana for sustained elimination of
measles in the United States. N Engl J Med 2006;355:447–55.
19. Pfaff G, Lohr D, Santibanez S, Mankertz A, van Treeck U, Schonberger K, et al.
Spotlight on measles 2010: measles outbreak among travellers returning from a
mass gathering, Germany, September to October 2010. Euro Surveill 2010;15.
pii: 19750.
20. Schmid D, Holzmann H, Alfery C, Wallenko H, Popow-Kraupp TH, Allerberger F.
Mumps outbreak in young adults following a festival in Austria, 2006. Euro
Surveill 2008;13. pii: 8042.
21. Centers for Disease Control and Prevention (CDC). Outbreak of salmonellosis
associated with consumption of pulled pork at a church festival—Hamilton
County, Ohio, 2010. MMWR Morb Mortal Wkly Rep 2014;62:1045–7.
22. Fretz R, Schmid H, Kayser U, Svoboda P, Tanner M, Baumgartner A. Rapid
propagation of norovirus gastrointestinal illness through multiple nursing
homes following a pilgrimage. Eur J Clin Microbiol Infect Dis 2003;22:625–7.
23. Verhoef L, Duizer E, Vennema H, Siebenga J, Swaan C, Isken L, et al. Import of
norovirus infections in the Netherlands and Ireland following pilgrimages to
Lourdes, 2008—preliminary report. Euro Surveill 2008;13. pii: 19025.
24. Sridhar S, Gautret P, Brouqui P. A comprehensive review of the Kumbh Mela:
identifying risks for spread of infectious diseases. Clin Microbiol Infect 2015;21:
128–33.
25. Vortmann M, Balsari S, Holman SR, Greenough PG. Water, sanitation, and
hygiene at the world’s largest mass gathering. Curr Infect Dis Rep 2015;17:
461.
26. Bryceson AD. Cholera, the ﬂickering ﬂame. Proc R Soc Med 1977;70:363–5.
27. Singh BP, Mudera CP. Mass gathering health care. Popul Health Manag
2014;17:316–7.
28. Cariappa MP, Singh BP, Mahen A, Bansal AS. Kumbh Mela 2013: healthcare for
the millions. Med J Armed Forces India 2015;71:278–81.
29. Zielin´ski A. Evidence for excessive incidence of infectious diseases at mass
gatherings with special reference to sporting events. Przegl Epidemiol
2009;63:343–51.
30. Gundlapalli AV, Rubin MA, Samore MH, Lopansri B, Lahey T, McGuire HL, et al.
Inﬂuenza, Winter Olympiad, 2002. Emerg Infect Dis 2006;12:144–6.
31. Jones J, Lawrence J, Payne Hallstro¨m L, Mantero J, Kirkbride H, Walsh A, et al.
International Team. International infectious disease surveillance during the
London Olympic and Paralympic Games 2012: process and outcomes. Euro
Surveill 2013;18:20554.
32. McCloskey B, Endericks T, Catchpole M, Zambon M, McLauchlin J, Shetty N, et al.
London 2012 Olympic and Paralympic Games: public health surveillance and
epidemiology. Lancet 2014;383:2083–9.
33. Severi E, Heinsbroek E, Watson C, Catchpole M, HPA Olympics Surveillance
Work Group. Infectious disease surveillance for the London 2012 Olympic and
Paralympic Games. Euro Surveill 2012;17. pii: 20232.
34. Khan K, Freifeld CC, Wang J, Mekaru SR, Kossowsky D, Sonricker AL, et al.
Preparing for infectious disease threats at mass gatherings: the case of the
Vancouver 2010 Olympic Winter Games. CMAJ 2010;182:579–83.
35. Popova AY, Kuzkin BP, Demina YV, Dubyansky VM, Kulichenko AN, Maletskaya
OV, et al. Using modern information technology in the practice of the sanitary-
epidemiological surveillance during the XXII Olympic Winter Games and XI
Paralympic Winter Games in Sochi. Zh Mikrobiol Epidemiol Immunobiol
2015;2:113–8.
36. Mantero J, Szegedi E, Payne Hallstrom L, Lenglet A, Depoortere E, Kaic B, et al.
Enhanced epidemic intelligence using a web-based screening system during
the 2010 FIFA World Cup in South Africa. Euro Surveill 2014;19. pii: 20796.
37. Aguiar M, Coelho GE, Rocha F, Mateus L, Pessanha JE, Stollenwerk N. Dengue
transmission during the 2014 FIFA World Cup in Brazil. Lancet Infect Dis
2015;15:765–6. http://dx.doi.org/10.1016/S1473-3099(15)00073-0
38. Smallwood CA, Arbuthnott KG, Banczak-Mysiak B, Borodina M, Coutinho AP,
Payne-Hallstro¨m L, et al. Euro 2012 European Football Championship Finals:
planning for a health legacy. Lancet 2014;383:2090–7. http://dx.doi.org/
10.1016/S0140-6736(13)62384-3
39. Hall V, Charlett A, Hughes G, Brook G, Maguire H, Mercer CH, et al. Olympics and
Paralympics 2012 mass gathering in London: time-series analysis shows no
increase in attendances at sexual health clinics. Sex Transm Infect 2015 Apr
8. [Epub ahead of print] http://dx.doi.org/10.1136/sextrans-2014-051826.
40. Ehresmann KR, Hedberg CW, Grimm MB, Norton CA, MacDonald KL, Osterholm
MT. An outbreak of measles at an international sporting event with airborne
transmission in a domed stadium. J Infect Dis 1995;171:679–83.
41. Centers for Disease Control and Prevention (CDC). Multistate measles outbreak
associated with an international youth sporting event—Pennsylvania, Michi-
gan, and Texas, August–September 2007. MMWR Morb Mortal Wkly Rep
2008;57:169–73.
42. Orr H, Kaczmarski E, Sarangi J, Pankhania B, Stuart J, Outbreak Investigation
Team. Cluster of meningococcal disease in rugby match spectators. Commun Dis
Public Health 2001;4:316–8.
43. Pesola AK, Parn T, Huusko S, Perevoscˇikovs J, Ollgren J, Salmenlinna S, et al.
Multinational outbreak of Salmonella Enteritidis infection during an interna-
P. Gautret, R. Steffen / International Journal of Infectious Diseases 47 (2016) 46–5252tional youth ice hockey competition in Riga, Latvia, preliminary report, March
and April 2015. Euro Surveill 2015;20. pii: 21133.
44. Turbeville SD, Cowan LD, Greenﬁeld RA. Infectious disease outbreaks in com-
petitive sports: a review of the literature. Am J Sports Med 2006;34:1860–5.
45. Collins CJ, O’Connell B. Infectious disease outbreaks in competitive sports, 2005–
2010. J Athl Train 2012;47:516–8. http://dx.doi.org/10.4085/1062-6050-47.5.02
46. Botelho-Nevers E, Gautret P. Outbreaks associated to large open air festivals,
including music festivals, 1980 to 2012. Euro Surveill 2013;18:20426.
47. Hesse M, Tutenges S, Schliewe S. The use of tobacco and cannabis at an
international music festival. Eur Addict Res 2010;16:208–12.
48. Lim MS, Hellard ME, Aitken CK, Hocking JS. Surveillance of STI risk behaviour
among young people attending a music festival in Australia, 2005–08. Aust N Z J
Public Health 2009;33:482–4.
49. Passos MR, Arze WN, Mauricio C, Barreto NA, Varella Rde Q, Cavalcanti SM, et al.
Is there increase of STDs during Carnival? Time series of diagnoses in a STD
clinic. Rev Assoc Med Bras 2010;56:420–7.
50. Wharton M, Spiegel RA, Horan JM, Tauxe RV, Wells JG, Barg N, et al. A large
outbreak of antibiotic-resistant shigellosis at a mass gathering. J Infect Dis
1990;162:1324–8.
51. Lee LA, Ostroff SM, McGee HB, Johnson DR, Downes FP, Cameron DN, et al. An
outbreak of shigellosis at an outdoor music festival. Am J Epidemiol
1991;133:608–15.
52. Morgan D, Gunneberg C, Gunnell D, Healing TD, Lamerton S, Soltanpoor N, et al. An
outbreak of Campylobacter infection associated with the consumption of unpas-
teurised milk at a large festival in England. Eur J Epidemiol 1994;10:581–5.
53. Crampin M, Willshaw G, Hancock R, Djuretic T, Elstob C, Rouse A, et al. Outbreak
of Escherichia coli O157 infection associated with a music festival. Eur J Clin
Microbiol Infect Dis 1999;18:286–8.
54. Evans MR, Meldrum R, Lane W, Gardner D, Ribeiro CD, Gallimore CI, et al. An
outbreak of viral gastroenteritis following environmental contamination at a
concert hall. Epidemiol Infect 2002;129:355–60.
55. Macey J, Lior L, Johnston A, Elliott L, Krahn D, Nowicki D, et al. Outbreak of
diarrheal illness in attendees at a Ukrainian dance festival, Dauphin, Manitoba—
May 2001. Can Commun Dis Rep 2002;28:141–5.
56. Camps N, Dominguez A, Company M, Perez M, Pardos J, Llobet T, et al. A
foodborne outbreak of Salmonella infection due to overproduction of egg-
containing foods for a festival. Epidemiol Infect 2005;133:817–22.
57. Munnoch SA, Ashbolt RH, Coleman DJ, Walton N, Beers-Deeble MY, Taylor R. A
multi-jurisdictional outbreak of hepatitis A related to a youth camp—implica-
tions for catering operations and mass gatherings. Commun Dis Intell
2004;28:521–7.
58. Centers for Disease Control and Prevention (CDC). Public health dispatch:
multistate outbreak of hepatitis A among young adult concert attendees—
United States, 2003. MMWR Morb Mortal Wkly Rep 2003;52:844–5.
59. KitamotoM, KitoK, NiimiY, Shoda S, TakamuraA,Hiramatsu T, etal. Food poisoning
by Staphylococcus aureus at a university festival. Jpn J Infect Dis 2009;62:242–3.60. Gerstel L, Lenglet A, Garcia CM. Mumps outbreak in young adults following a
village festival in the Navarra region, Spain, August 2006. Euro Surveill 2006;11.
pii: 3078.
61. Gutie´rrez I, Litzroth A, Hammadi S, Van Oyen H, Ge´rard C, Robesyn E, et al.
Community transmission of inﬂuenza A (H1N1)v virus at a rock festival in
Belgium, 2–5 July 2009. Euro Surveill 2009;14. pii: 19294.
62. Botelho-Nevers E, Gautret P, Benarous L, Charrel R, Felkai P, Parola P. Travel-
related inﬂuenza A/H1N1 infection at a rock festival in Hungary: one virus may
hide another one. J Travel Med 2010;17:197–8.
63. Ristic M, Seguljev Z, Nedeljkovic J, Ilic S, Injac D, Dekic J. Importation and spread
of pandemic inﬂuenza virus A(H1N1) in autonomous province of Vojvodina in
preepidemic period. Med Pregl 2010;63:502–5.
64. Lo´pez Herna´ndez B, Laguna Sorinas J, Marı´n Rodrı´guez I, Gallardo Garcı´a V,
Pe´rez Morilla E, Mayoral Corte´s JM. Spotlight on measles 2010: an ongoing
outbreak of measles in an unvaccinated population in Granada, Spain, October
to November 2010. Euro Surveill 2010;15. pii: 19746.
65. Santibanez S, Prosenc K, Lohr D, Pfaff G, Jordan Markocic O, Mankertz A. Measles
virus spread initiated at international mass gatherings in Europe, 2011. Euro
Surveill 2014;19. pii: 20891.
66. Harada T, Itoh K, Yamaguchi Y, Hirai Y, Kanki M, Kawatsu K, et al. A foodborne
outbreak of gastrointestinal illness caused by enterotoxigenic Escherichia coli
serotype O169:H41 in Osaka, Japan. Jpn J Infect Dis 2013;66:530–3.
67. European Centre for Disease Prevention and Control (ECDC). Outbreak of
invasive meningococcal disease in the EU associated with a mass gathering
event, the 23rd World Scout Jamboree, in Japan 21 August 2015. Stockholm:
ECDC; 2015.
68. Grgicˇ-Vitek M, Frelih T, Ucakar V, Fafangel M, Jordan Markocic O, Prosenc K,
et al. An outbreak of measles associated with an international dog show in
Slovenia, November 2014. Euro Surveill 2015;20. pii: 21012.
69. Filia A, Riccardo F, Del Manso M, D’Agaro P, Magurano F, Bella A. Regional
contact points for measles surveillance. Measles outbreak linked to an inter-
national dog show in Slovenia—primary cases and chains of transmission
identiﬁed in Italy, November to December 2014. Euro Surveill 2015;20. pii:
21050.
70. McCarthy M. Measles outbreak linked to Disney theme parks reaches ﬁve states
and Mexico. BMJ 2015;350:h436. http://dx.doi.org/10.1136/bmj.h436
71. Centers for Disease Control and Prevention (CDC). Measles outbreak—Califor-
nia, December 2014–February 2015. MMWR Morb Mortal Wkly Rep
2015;64:153–4.
72. Gallego V, Berberian G, Lloveras S, Verbanaz S, Chaves TS, Orduna T, et al. The
2014 FIFA World Cup: communicable disease risks and advice for visitors to
Brazil—a review from the Latin American Society for Travel Medicine (SLAMVI).
Travel Med Infect Dis 2014;12:208–18. http://dx.doi.org/10.1016/j.tmaid.2014.
04.004
73. Gautret P, Simon F. Dengue, chikungunya and Zika and mass gatherings: what
happened in Brazil, 2014? Travel Med Infect Dis 2016;14:7–8.
